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Abstract 
 
Seeing a face move can improve familiar face recognition, face matching and learning. More 
specificaly, familiarity with a face may facilitate the learning of an individual’s ‘dynamic 
facial signature’. In the outlined research we examine the relationship between participant 
ratings of familiarity, the distinctiveness of motion, the amount of facial motion and the 
recognition of familiar moving faces (Experiment 1) as wel as the magnitude of the motion 
advantage (Experiment 2). Significant positive corelations were found between al factors. 
Findings suggest that faces rated as moving a lot and in a distinctive manner benefited the 
most from being seen in motion. Additionaly findings indicate that facial motion information 
becomes a more important cue to recognition the more familiar a face is, suggesting that 
‘dynamic facial signatures’ continue to be learnt over time and integrated within the face 
representation. Results are discussed in relation to theoretical explanations of the moving face 
advantage. 
 
Key words: Face identity, facial motion, familiarity, distinctiveness, recognition 
 
Introduction 
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There is much evidence that seeing a face move optimises learning and recognition (for a 
review see Xiao et al., 2014). Inded, facial motion has been demonstrated to lead to beter 
learning of previously unfamiliar faces (Butcher, Lander, Fang & Costen, 2011; Lander & 
Bruce, 2003; Pike, Kemp, Towel, & Philips, 1997); more accurate and faster face matching 
(Thornton & Kourtzi, 2002); and beter identification of degraded familiar faces (Knight & 
Johnston, 1997; Lander, Bruce & Hil, 2001). This effect is referred to as the ‘motion 
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advantage’ (e.g., Knight & Johnston, 1997; Lander, Christie, & Bruce, 1999; Lander & 
Davies, 2007; O’Toole, Roark, & Abdi, 2002; Pike et al., 1997; Schif, Banka & De Bordes 
Galdi, 1986) and it is thought that facial motion plays a supplementary role to static facial 
information in identity recognition (Roark, Baret, Spence, Abdi & O’Toole, 2003). Whilst 
the motion advantage is robust in studies investigating the recognition of familiar faces (e.g. 
Knight & Johnston, 1997; Lander, Christie & Bruce, 1999, Lander et al., 2001; Lander & 
Chuang, 2005), research investigating the role of facial motion in the learning of previously 
unfamiliar faces has been less consistent (see Bruce et al., 1999, Bruce, Henderson, Newman 
& Burton, 2001; Christie & Bruce, 1998). Pike et al. (1997) found beneficial efects of facial 
motion, as faces seen rotating rigidly were beter recognised than those learnt as multiple 
static images. On the other hand, using a similar incidental learning task, Christie and Bruce 
(1998) found no advantage of studying previously unfamiliar faces in motion or testing 
memory for faces in motion. Thus, face familiarity may be a key factor in understanding the 
role facial motion plays in identity recognition and learning. 
Importantly two, non-mutualy exclusive, mechanisms have been proposed to explain 
how facial motion facilitates identity recognition and learning (O’Toole et al., 2002; Roark, et 
al., 2003). These difering mechanisms may help explain why the motion advantage is more 
robust for familiar facs than unfamiliar faces (Bennets et al., 2013). Unfamiliar faces can 
benefit from the first mechanism; the representation enhancement hypothesisD
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 (O’Toole et al., 
2002), which suggests that facial motion aids recognition by facilitating the perception of the 
three-dimensional structure of the face. It posits that the quality of the structural information 
available from a human face is enhanced by facial motion and, importantly, this benefit 
surpasses that provided by seeing the face from many static viewpoints (Christie & Bruce, 
1998; Lander et al., 1999; Pike et al., 1997). Recent work by Butcher et al. (2011) supports 
this hypothesis by showing that it is more important that a face is learnt in motion, than 
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recognized from a moving clip.  Here, facial motion may help build a more robust face 
representation by providing enhanced structural information at learning. Importantly this 
mechanism is not dependent on any previous experience with a face, and thus may help us 
understand how motion aids the learning of previously unfamiliar faces (O’Toole et al., 2002; 
but see recent work by Bennets et al., 2013). 
In addition to the structure from motion role, a second mechanism, the supplemental 
information hypothesis (O’Toole et al., 2002) assumes that we represent the characteristic 
facial motions of an individual’s face as part of our stored facial representation. Characteristic 
motions are those that are idiosyncratic of a particular individual in terms of the spatio-
temporal dynamics of the motion (Knappmeyer, Thornton & Bülthof, 2003). Using 
computer animation techniques Knappmeyer, Thornton and Bülthof (2003) provide 
unmistakable support for the supplemental information hypothesis (O’Toole et al., 2002). In 
their experiment participants viewed and thus became familiar with either, head A exhibiting 
motion from volunteer A, or head B exhibiting motion from volunteer B. In the test phase an 
animated head constructed from the morph of the two synthetic heads (A and B) was 
produced. Participants were asked to identify whose head was shown. It was found that 
participant’s identity judgements were biased by the motion they had originaly learnt from 
head A or B, indicating that the human face recognition system integrates individual non-
rigid facial motion with facial form information during identity processing. D
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For the particular 
individual’s ‘characteristic motion signatures’ to be learnt and become intrinsic to that 
person’s facial representation, experience with the face is needed (O’Toole et al., 2002; 
Roark, et al., 2003). Familiarity is therefore inherent within this explanation of the motion 
advantage.  Whilst much research has investigated the efect of familiarity on identity 
recognition in general (e.g. Burton, Wilson, Cowan & Bruce, 1999; Elis, Shepherd & 
Davies, 1979; Young, Hay, McWeeny, Flude & Elis, 1985) limited work has investigated the 
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more specific relationship between face familiarity and the motion advantage. Based on the 
supplemental information hypothesis (O’Toole et al., 2002) we would expect that the more 
familiar we are with a face and its motion, the more useful motion becomes as a cue to 
identity. Partial support for this idea comes from Roark, O’Toole, Abdi and Baret (2006) 
who found an increasing role for motion with familiarity, but this efect was only present in 
the face-to-gait condition (Experiment 1). 
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Conversely, Lander and Davies (2007) found that 
the beneficial efect of motion is not dependent on the amount of time a face is viewed and 
Bennets et al., (2013) found no evidence that familiarity with a face leads to a larger motion 
advantage.  Here, participants were shown famous or unfamiliar faces and were asked to 
match from a non-degraded image to a point-light display or shape normalised avatar. 
Additionaly, Bruce et al. (2001) conducted a series of experiments investigating whether 
familiarity with a face influences the presence and magnitude of the motion advantage. 
Whilst they found that familiarity aided recognition overal, no motion advantage was found 
for unfamiliar or personaly familiar faces (Experiment 1). In Experiment 2, Bruce et al. 
(2001) varied the number of times viewers saw a 30s moving clip of a face and found that 
viewing each face twice did not improve recognition performance over a single viewing. 
These findings suggest that recognition performance and the magnitude of the motion 
advantage do not incrase as a function of increased familiarity with a face and its motion. 
However, these studies have simply compared ‘known’ or ‘unknown’ faces (Bruce et al., 
2001, Experiment 1; Bennets et al., 2013) or have focused on experimentaly familiar faces 
(Bruce et al., 2001, Experiment 2, 30s to 60s exposures; Lander & Davies, 2007, 30 minutes 
to 2 hours; Roark et al., 2006, 9s to 36s) as opposed to prolonged real world familiarity that 
reflects the non-dichotomous nature of familiarity.  It may be that familiarity effects are 
based on more than relatively brief exposure to items and that brief exposure is not suficient 
to determine whether a particular patern of facial movement is characteristic of that person. 
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Indeed, the relationship between the motion advantage and familiarity as a result of real-
world exposure of varying levels, including extensive experience is yet to be fuly 
understood.  
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Further consideration of the beneficial effect of face motion reveals that familiarity 
may not be the only factor that contributes to the magnitude of the motion advantage gained. 
Research indicates that disruptions to the natural movement of the face can influence the size 
of the motion advantage. Lander et al. (1999) and Lander and Bruce (2000) found lower 
recognition rates for famous faces when facial motion was slowed down, speeded up, 
reversed or rhythmicaly disrupted. Furthermore Lander, Chuang and Wikham (2006) used a 
morphing technique to create intermediate face images between the first and last frames of a 
natural smile. When shown in sequence, these images were used to create an artificialy 
moving smile that lasted the same amount of time and had the same start and end point as the 
natural smile for that individual.  They found that recognition was beter when faces were 
shown naturaly smiling compared to a static neutral face, a static smiling face or a morphed 
smiling sequence. This finding is consistent with the predictions of the supplemental 
information hypothesis (O’Toole et al., 2002), as access to characteristic motion signatures is 
presumably disrupted when the viewed facial motion is not consistent with the stored 
characteristic motion signature, i.e. with its natural tempo and rhythm.  These behavioural 
studies were supported by Schultz, Brockhaus, Bülthof and Pilz (2013) who found that 
activation in the superior temporal sulcus (STS) was stronger when facial movements 
appeared more fluid. The posterior superior temporal sulcus (pSTS) is argued to be involved 
in the processing of dynamic facial information such as head rotation, eye gaze and facial 
expression as wel as the extraction of motion information from invariant face aspects such as 
face identity (Bernstein & Yovel, 2015). Taken together these findings demonstrate that 
seeing the precise dynamic characteristics of the face in motion provides the greatest 
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advantage for facial recognition. Furthermore it is possible that the type of motion displayed 
by a face (e.g. rigid or non-rigid) might contribute to the presence of the motion advantage 
(Roark et al., 2003) and provide at least a partial account for inconsistencies in the literature, 
for example when diferent types of rigid movements are displayed (e.g. Christie & Bruce, 
1998; Pike et al., 1997). There is however limited research investigating the relationship 
between diferences in facial motion displayed naturaly (as opposed to artificial 
manipulations to motion characteristics) and the motion advantage. For static face recognition 
a clear benefit for faces that are thought to be spatialy distinctive has been revealed, as 
findings indicate that distinctive faces are beter recognised than faces that are rated as being 
‘typical’ (Bartlet, Hury, & Thorley, 1984; Light, Kayra-Stuart, & Holander, 1979; 
Valentine & Bruce, 1986; Valentine & Ferara, 1991; Vokey & Read, 1992). Recent research 
has also revealed beter recognition of faces previously paired with distinctive voices 
compared to typical voices suggesting that facial distinctiveness is multisensory (Bülthof & 
Newel, 2015). It is therefore worth considering whether distinctiveness of facial motion 
might also influence face recognition and be related to the magnitude of the motion 
advantage gained by a face. Only one experiment has previously directly investigated this 
issue: Lander and Chuang (2005) found that the more distinctive or characteristic a person’s 
motion was rated to be, the more useful a cue to recognition motion was, demonstrating that 
diferences in the motion displayed by a face can moderate the motion advantage. However, 
this finding is yet to be replicated and other differences in facial motion (e.g. how much a 
face moves) have to date been ignored. 
Here we aim to investigate the relationship between familiarity, the distinctiveness of 
motion, amount of facial motion and recognition of moving faces (Experiment 1) and the 
magnitude of the motion advantage (Experiment 2). We aim to provide a greater 
understanding of the motion advantage by indicating whether diferential efect sizes for 
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diferent stimuli may, in part, be related to diferences in the motion displayed by any given 
face and an observers familiarity with that face. 
 
Experiment 1 
 
In this experiment participants were asked to recognise moving famous faces and rate the 
same faces for familiarity, how much facial motion was exhibited and distinctiveness of 
facial motion. If the motion advantage for familiar faces can, at least in part, be explained by 
characteristic motion signatures of a face being stored in memory and learnt over time 
(supplemental information hypothesis; O’Toole et al., 2002) then there should be a positive 
relationship between recognition and familiarity.  Recognition of the moving famous faces 
wil be greater for faces participants are familiar with i.e. when characteristic motion 
information for that individual has been learnt and integrated into the representation of that 
face. In addition, face recognition may be beter for faces that are rated to move more and 
move more distinctively.  
 
Method 
Design. A corelational design was used to measure the relationship between the four 
variables of interest; recognition rates (the number of times each face was correctly 
recognised was measured by participant’s vocal responses), rated face familiarity, perceived 
distinctiveness of motion and amount of facial motion (each measured on 10-point likert 
scales).  
 
Participants. 
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Fifty participants (46 female) aged between 19 and 21 (mean age 19 years and 
10 months) participated in the study. Al were students from the University of Manchester 
Acc
epte
d M
anu
scri
pt
Motion Characteristics and Familiarity 
 
 
9 
 
paid in participation credits. Al had normal or corected to normal eyesight and had not taken 
part in any studies of this kind previously. 
 
Stimuli and apparatus. 
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58 grey scale moving clips were selected from a bank of video 
sequences of famous faces previously used for facial recognition experiments (see Lander & 
Bruce, 2000; Lander et al., 1999, 2001). The famous faces included actors and other TV 
personalities, sportsmen and women, members of the royal family and politicians. Al 
displayed at least the head and shoulders of the person. As the images were originaly taken 
from television footage some were seen from the waist upwards. Motion displayed during the 
clips was mainly non-rigid (movements in which individual parts of the face move in relation 
to one another, for instance, during speech and expression) but there was some rigid motion 
of the head and rotation about the waist. Clip duration was edited to 2s and clips were 
displayed negated during the recognition task, to reduce recognition rates below ceiling levels 
(Galper, 1970; Johnston, Hil, Carman, 1992; Kemp, Pike, White, & Musselman, 1996; Liu 
& Chaudhuri, 1998; Luria & Strauss, 1978; Philips, 1972). Negation converts the patern of 
brightness (Russel, Sinha, Biederman & Nedderhouser, 2006), preserving edge information 
whilst removing other cues to identity such as pigmentation and shape, determined from 
shading processes that inform the observer as to the 3D structure of a face (Bruce & Young, 
1998; Cavanagh & Leclerc, 1989; Hil & Bruce, 1996; Johnston et al., 1992; Kemp et al., 
1996). However, negation maintains the availability of motion information. Stimuli were 
presented on a G4 PowerMac using Psyscope Software (Cohen, McWhinney, Flat & 
Provost, 1993). Al the movies were presented in the centre of a 40.6 cm × 30.5 cm 
Mitsubishi, Diamond Plus 230 screen and were 9 cm × 6 cm in size (320 × 240 pixels). 
However, the size of each face on the screen varied in width (between 1.6cm and 4.5cm) due 
to the nature of the footage. 
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Procedure. Experiment 1 consisted of a recognition task and a rating task. The recognition 
task was conducted first, in which participants were presented with the 58 famous face 
stimuli, one at a time in a set pseudo-random order to alow the experimenter to note verbal 
responses accurately. After each 2s moving clip was presented, an 8-second inter-stimulus 
interval (ISI) took place during which the participants informed the experimenter who the 
face just seen belonged to. Responses were deemed correct if the participant was able to 
provide the name of the person or some other specific semantic information about the person. 
Names of characters played or programmes people had acted in (e.g., “Fox Moulder” or ‘The 
X-files’ for David Duchovny) were deemed as correct recognitions, as were unambiguous 
descriptions of the person. General information such as “comedian”, “politician” or “actor” 
without support of further information about the person were not suficient to be regarded as 
corect recognition.  
Once al 58 famous faces had been shown participants were given the opportunity to 
take a short break folowed by the rating task. In the rating task participants were presented 
with the same 58 famous face movie clips (this time without negation) and asked, folowing 
each clip, to rate the face on three parameters; how familiar the person was to them, how 
much facial motion they perceived the face to display during the clip and how distinctive they 
believed the motion displayed by each face to be. These three questions were presented in the 
same order after each stimulus. Each factor was measured using a likert scale of 0-9 with 0 
being the least and 9 being the largest amount of each of the parameters. Participants were 
told to complete this task at their own pace using the number keys on the main key pad of the 
keyboard. 
 
Do
wnl
oad
ed 
by 
[T
ees
sid
e U
niv
ersi
ty]
, [
Nat
alie
 B
utc
her
] at
 07
:36
 01
 Fe
bru
ary
 20
16 
Results and discussion 
Acc
epte
d M
anu
scri
pt
Motion Characteristics and Familiarity 
 
 
11 
 
Analysis presented throughout this paper is by-item rather than by-participant in order to 
investigate the relationship between recognition of a specific face, the facial motion it 
displays and familiarity. The mean correct recognition rate across faces was 40.34% (SD = 
29.26) demonstrating variation in recognition rates across faces. The mean rating for each 
rated factor was; familiarity, 7.75 (SD = 1.35), amount of motion, 4.62 (SD = 1.30) and 
distinctiveness of motion, 4.85 (SD = 1.70) (see figure 1.). A Kolmogorov-Smirnov test of 
normality revealed that the rating data was not normaly distributed. Therefore Spearman’s 
Rho corelations were conducted to investigate the relationship between each rated parameter 
and recognition rates and the Benjamini-Hochberg's corection method (Benjamini & 
Hochberg, 1995) was used to control false discovery rate (FDR). Recognition rates were 
found to be significantly corelated with each of the rated parameters; familiarity, rs(56) = 
.69, p < .001, amount of facial motion, rs(56) = .35, p < .01 and distinctiveness of facial 
motion, rs(56) = .52, p
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 < .001 such that recognition rates increased as ratings of each of these 
factors increased. As would be expected participants were beter at recognising faces that 
they were more familiar with. This could be argued to be indicative of face representations 
becoming stronger and as a result more unique and easier to diferentiate with increased 
experience. Interestingly it was also found that differences in the motion displayed by a face 
were also related to recognition. Highly recognisable faces were perceived to move relatively 
more than others and perceived to move more distinctively relative to other faces. Whilst 
previous research has found that spatialy distinctive faces are beter recognised than faces 
that are rated as being ‘typical’ (Bartlet, Hury, & Thorley, 1984; Light, Kayra-Stuart, & 
Holander, 1979; Valentine & Bruce, 1986; Valentine & Ferrara, 1991; Vokey & Read, 1992) 
this is only the second study, to our knowledge, to demonstrate that faces displaying highly 
distinctive motion are beter recognised (Lander & Chuang, 2005) and the finding that the 
amount of motion a face displays is related to recognition rates is new and has not been 
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demonstrated previously. Additionaly significant positive correlations were found between; 
familiarity and how much motion was displayed, rs(56) = .49, p < .001; familiarity and 
distinctiveness of motion, rs(56) = .71, p < .001, as wel as how much motion was seen and 
how distinctive the motion was perceived to be, rs(56) = .80, p < .001. The curent findings 
therefore indicate that perceived distinctiveness of facial motion and amount of motion 
displayed increase as familiarity increases.  In Experiment 2 we explore whether these 
diferences in motion characteristics are also related to the size of the motion advantage. 
 
[Figure 1 about here] 
  
 
Experiment 2 
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We have already shown in Experiment 1 that there is a positive relationship between 
familiarity and recognition rates for moving famous faces, as was to be expected. 
Interestingly, we also found a relationship between diferences in facial motion displayed by 
each face and recognition rates. It is therefore possible that differences in motion 
characteristics might be related to the extent to which a face benefits from being seen in 
motion at recognition i.e. the magnitude of the motion advantage. In Experiment 2 we tested 
this hypothesis directly. Using a simple recognition task Experiment 2 aimed to replicate the 
findings of Lander et al., (1999) comparing levels of familiar face recognition from a single 
static image with recognition from a two second moving clip to establish overal whether a 
motion advantage exists (Knight & Johnston, 1997; Lander, et al., 1999). Secondly by 
combining the recognition results of this study with the motion parameter ratings colected in 
Experiment 1 we investigated whether the extent to which a face benefits from being seen in 
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motion is related to how familiar the face is, how much it is perceived to move and how 
distinctively it moves. If the motion advantage is related to diferences in the motion 
displayed by a face we would expect to find a relationship between the motion advantage 
gained by a particular face and the characteristics (amount and distinctiveness) of the motion 
it displays. 
 
Method 
Design. A within-participants experimental design was used manipulating the independent 
variable of presentation style; static or moving. The dependent variable was recognition rates 
for each face (as in Experiment 1). Correlational analyses were also conducted to investigate 
the relationship between the magnitude of the motion advantage and the three variables of 
interest rated in Experiment 1 (face familiarity, perceived distinctiveness of motion and 
amount of facial motion). Ratings from Experiment 1 were utilised here to control for any 
influence of conducting the recognition task in the same session as the rating task. 
 
Participants. Twenty participants (12 female) with a mean age 19 years and 11 months 
participated in this study. Al were students from the University of Manchester paid in 
participation credits. Al had normal or corrected to normal eyesight and had not taken part in 
any experiments of this kind previously. 
 
Materials. 
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The same 58, grey scale, negated moving clips used in Experiment 1 were used 
again here for the moving condition. For each of the 58 famous face stimuli used in 
Experiment 1 a stil image was created from the original 2s movie clip for use in the moving 
condition. The static image of each face was chosen so that it represented a typical image of 
that person, in that it did not display an unusual facial expression or pose. Both the moving 
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clips and stil images were 9cm x 6cm (320 x 240 pixels) in size but as in Experiment 1 the 
size of each face within the image ranged from 1.6cm for the smalest to 4.5cm for the largest 
face. The stimuli were presented in the centre of the 40.6cm X 30.5cm screen on a G4 
PowerMac using Psyscope software (Cohen et al., 1993). 
 
Procedure. The experiment involved a recognition task split into two blocks. In one block 
participants saw 29 faces in static and in the other block participants viewed the remaining 29 
faces in motion so that each participant was presented with al 58 face stimuli but they 
viewed half of the faces in motion and the other half in static. Block order and the faces used 
in the static / moving conditions was counterbalanced across participants. Each face was 
presented individualy in a set pseudo-random order for 2s. After each moving clip / static 
image was presented there was a 8s ISI, during which the screen was blank. Participants were 
then asked to indicate to the experimenter whether they recognised the person they had seen. 
Responses were deemed correct using the same criteria employed in Experiment 1. 
Participants were given no feedback. After the participant had responded to the first 29 faces 
they were given the opportunity to take a short break folowing which they then viewed the 
second 29 faces. 
 
Results and discussion D
ow
nlo
ade
d b
y [
Tee
ssi
de 
Uni
ver
sit
y], 
[N
atal
ie 
But
che
r] 
at 
07:
36 
01 
Feb
rua
ry 
201
6 
Across al items the mean recognition was 37.33% (SD = 27.53) with a mean 
recognition rate of 26.72% (SD = 26.52) in the static presentation condition and 47.93% (SD 
= 31.39) in the moving presentation condition. In order to address concerns that the findings 
in Experiment 1 may have been the result of participants completing both the recognition and 
rating task in the same session an initial analysis sought to replicate the findings from 
Experiment 1 by investigating the corelations between Experiment 1 ratings and the 
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recognition performance of participants in Experiment 2’s motion condition. As discussed 
previously a Kolmogorov-Smirnov test of normality revealed that overal the ratings data 
colected in Experiment 1 were not normaly distributed. As a result Spearman’s rho 
corelations were again conducted and the Benjamini-Hochberg's correction method 
(Benjamini & Hochberg, 1995) was used to control false discovery rate (FDR) across al 
correlations conducted in Experiment 2. As in Experiment 1, recognition rates for moving 
faces were found to be significantly corelated with each of the rated parameters; familiarity, 
rs(56) = .63, p < .001, amount of facial motion, rs(56) = .30, p < .05 and distinctiveness of 
facial motion, rs(56) = .49, p < .001 such that recognition rates increased as ratings of each of 
these factors increased. These findings serve to confirm the findings from Experiment 1 and 
reduce, to some extent, concerns regarding the recognition task and rating task being 
completed within the same experimental session in Experiment 1 as here the findings have 
been replicated with diferent participants taking part in the two tasks. 
 
  A paired sample t-test was then conducted to investigate whether a motion advantage 
was present. The t-test revealed, as hypothesized, that when faces were viewed as a moving 
clip participants recognised them significantly beter than when the famous face was to be 
recognised from a static image, t(57) = 8.71, p < 0.01, d = 1.14, CI [-2.61, -1.63]. Therefore 
since a motion advantage was established here it was now possible to explore whether the 
magnitude of the motion advantage faces received was related to familiarity and each of the 
motion parameters rated in Experiment 1; distinctiveness of motion and amount of motion. 
Motion advantage was calculated by computing the diference between the number of correct 
recognitions in the motion condition compared to the static condition. The mean motion 
advantage was 2.12 (SD = 1.85). It was found that the magnitude of the motion advantage 
was significantly correlated with familiarity, rs(56)= .22, p
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 < 0.05 suggesting, in line with the 
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supplemental information hypothesis (O’Toole et al., 2002), that facial motion becomes a 
more important cue to recognition identity the more familiar the face is. It is therefore 
suggested that characteristic motion information continues to be learnt over time, becoming 
intrinsic to that particular face representation. Additionaly it was found that the magnitude of 
the motion advantage was also significantly correlated with amount of motion displayed 
rs(56)= .23, p < 0.05, and motion distinctiveness, rs(56)= .24, p < 0.05. Therefore, faces that 
were perceived to be moving a lot and displaying highly distinctive motion benefied most 
from being seen in motion when compared to recognition from a single static image. This 
finding indicates that differences in facial motion may be related to the motion advantage and 
lead to some faces benefiting more from the availability of motion information relative to 
others, that do not move a lot or in a distinctive manner. 
 
General Discussion 
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In two Experiments, we investigated whether familiarity with a face and differences in facial 
motion, specificaly amount and distinctiveness of motion, are related to recognition of 
moving famous faces (Experiment 1) and the magnitude of the motion advantage 
(Experiment 2). In addition, we replicated the motion advantage previously seen for familiar 
faces presented in non-optimal viewing conditions (Knight & Johnston, 1997; Lander et al., 
1999) demonstrating how robust the phenomenon is. However, our two main findings also 
reveal the complexity of the motion advantage. First, recognition of moving familiar faces and 
the magnitude of the motion advantage were both found to be related to face familiarity. Second, 
diferences in the motion displayed by the to-be-recognised face was also found to be related to 
recognition of moving familiar faces and the size of the motion advantage derived by each face. 
Interestingly, we found an overal efect of familiarity in Experiment 1, as it was found 
that famous faces were beter recognised the more familiar they were to the observer. This is in 
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line with previous studies that have found familiarity to help face matching when previously 
unfamiliar and familiar faces are compared (Bennets et al., 2013; Bruce et al., 2001). Moreover, 
in Experiment 2 we found, in line with Roark et al. (2006) that a relationship does exist between 
familiarity and the magnitude of the motion advantage. This finding difers to previous research 
which has failed to find a relationship between face familiarity and the magnitude of the motion 
advantage, but importantly these earlier studies compared ‘known’ and ‘unknown’ or 
experimentaly familiar faces (Bennets et al., 2013, Bruce et al., 2001; Lander & Davies, 
2007) rather than measuring the variance in familiarity levels acquired through prolonged real 
world exposure. Here then the magnitude of the motion advantage was related to overal 
familiarity with that face. This finding supports the predictions of the supplemental information 
hypothesis (O’Toole et al., 2002) and provides, at least a partial, account for the robust nature of 
the motion advantage for familiar faces compared to unfamiliar faces. It suggests that, although 
characteristic facial motion paterns can be learnt rapidly (Lander & Davies, 2007) this 
supplementary identity specific information becomes more useful to identity processing with 
time and experience as we continue to become more familiar with both the form and motion of 
the face. This finding demonstrates that motion information is useful to the recognition of a face 
to varying degrees dependent on how familiar the face is. However, familiarity ratings for each 
face were colapsed across participants and whilst familiarity in Experiment 1 was 
conceptualised as the level of personal familiarity, in Experiment 2 ratings of familiarity were 
not provided by the same participants who undertook the recognition task so here familiarity 
was conceptualised as overal familiarity (i.e. how wel known they are to the public in general), 
so it remains to be seen whether individual participant familiarity with a face influences this 
relationship between face familiarity and the magnitude of the motion advantage. It is likely 
however that the relationship would be enhanced for faces we are personaly more familiar with, 
which might partialy explain the more modest corelation seen in Experiment 2 between the 
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motion advantage and familiarity. However it is likely that the modesty of the corelations in 
Experiment 2 relating to the motion advantage are modest due to the nature of the motion 
advantage measure used and the limited variance in scores on this measure compared to the 
variance seen in recognition rates. 
Additionaly the experiments presented here established that diferences in facial motion 
displayed by a face, namely the amount and distinctiveness of motion, are related to how easily 
recognisable that face is and the extent to which it benefits from being viewed in motion. In line 
with Lander and Chuang (2005) we successfuly replicated, for the first time, the finding that 
the more distinctive a person’s motion was rated to be, the more useful a cue to recognition 
motion was. This finding also coroborates Bulthof and Newel’s (2015) suggestion that the 
nature of facial distinctiveness is not limited to static cues; instead it is multisensory 
integrating static, motion and vocal based information. It is possible that familiarity with a face 
might lead to that face’s motion being perceived as distinctive relative to less familiar faces 
because the motion is familiar to the viewer and it is this distinctiveness which makes the face 
easier to diferentiate from others. However, we must remember that distinctiveness of motion 
may not only refer to a motion that is characteristic or typical of a particular individual but also 
to motions that are odd for a particular individual to produce, as wel as any motion that is 
generaly odd or unusual. Whilst cause and effect cannot be established here, results from 
Experiment 1 may be indicative that familiarity with a face leads to a more distinctive 
representation of that face’s characteristic motion as ratings of familiarity and distinctiveness of 
motion were found to be significantly corelated. However, when considering explanations of 
the corelation between familiarity and distinctiveness of motion we cannot rule out the impact 
of the second form of distinctiveness; motions that are odd for a particular individual to produce 
could also lead to a corelation with familiarity. That is, for us to know that the movement is odd 
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for that particular individual, we must already have experience with and be familiar with the 
motions they typicaly display. 
The finding that recognition of moving faces and the magnitude of the motion advantage is 
related to the amount of motion a face is perceived to display is particularly interesting. This 
finding is new and to our knowledge has not been demonstrated previously. One possible 
explanation for this finding is that as a face becomes more familiar we increasingly atend to its 
motion, having already stored the basic structural information. This is a reasonable hypothesis 
given previous research that has demonstrated encoding of the three-dimensional shape of a face 
to be important when we originaly build a face representation (Bonner, Burton & Bruce, 2003; 
Bruce et al., 1999). This notion is also supported by the positive corelation found in Experiment 
1 between ratings of familiarity and ratings of how much motion was perceived. As familiarity 
increased participants were significantly more likely to perceive the face as moving more. The 
relationship between familiarity and amount of motion may be crucial to our understanding of 
the motion advantage so future research should investigate whether perceptions of amount of 
motion are moderated by familiarity. Alternatively, it is possible that faces were rated as moving 
more because they moved distinctively, causing the motion to be more noticeable to the 
observer. Again the significant correlation between ratings of motion distinctiveness and 
amount of motion ofrs some support for this explanation. However, using our participant 
ratings of amount of facial motion (Experiment 1) Cristinacce and Cootes (2008) found that 
participant ratings of amount of motion correlated wel with an automatic computer estimate 
of the amount of facial motion displayed in the moving clips we used, rs(57) = .68, p
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 < .01 
suggesting that the most plausible explanation of this finding is that faces that move more 
derive a greater motion advantage. This motion characteristic therefore warants further 
investigation along with systematic analysis of kinematic variables e.g. velocity, as a recognition 
advantage for faces that move more is implied by the curent finding. 
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It is also possible that faces that moved a lot or in a distinctive manner may have atracted 
more atention from the participants and this heightened atention may have led to the 
improvement in recognition rather than the motion characteristics per se. This notion is in 
line with the social signals
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 explanation (O’Toole et al., 2002) of the motion advantage, which 
posits that the social cues carried in movement may atract atention to the identity specific 
areas of the face, facilitating identity processing. Therefore future research should endeavour 
to investigate the underlying mechanism causing the relationship between these diferences in 
facial motion and recognition performance. 
A possible limitation of the experiments presented here is that ratings of the motion 
characteristics and familiarity may have been influenced by pre-exposure to the faces in the 
recognition task (Experiment 1). It is therefore possible that the faces rated here as moving a 
lot and moving distinctively are not typicaly high in facial motion or motion distinctiveness 
so whether the ratings are reflective of the specific clips or stored representations (activated 
by the recognition task) of how much a face typically moves remains to be seen. It wil be 
important for future investigations to colect motion parameter ratings in a session that does 
not involve a recognition task so that recognition memory can be minimised as a possible 
influence on the way participants rated the faces in Experiment 1. 
The results of the curent study have two major implications for our understanding of the 
motion advantage in face recognition. First, that diferences regarding how a face moves might 
be related to how easily recognisable the face is and the extent to which it gains from being seen 
in motion. Future experimental work needs to investigate whether the diferences in facial 
motion ratings are indicative of characteristic motion or are clip dependent. This can be done by 
exploring whether ratings of amount and distinctiveness of motion are stable over diferent clips 
of the same face. If ratings are consistent across multiple clips and the relationship with 
recognition performance and motion advantage remains  this would suggest, in line with the 
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supplemental information hypothesis (O’Toole et al., 2002) that, for eficient recognition to be 
achieved, characteristic motion information, including the amount and distinctiveness of motion, 
is stored in our mental representation of familiar faces and accessed at recognition to provide a 
supplemental cue to identity when this dimension of identity specific information is useful to 
recognition over and above the information provided by static cues. Second, we found that 
that the magnitude of the motion advantage was related to how familiar the face was. Moreover 
these findings support a flexible usage hypothesis such that both task demands (Morrison & 
Schyns, 2001; Oliva & Schyns, 1997; Schyns & Oliva, 1999) and individual diferences 
factors, including familiarity, amount of facial motion and distinctiveness of motion efect the 
usefulness of facial motion information during the recognition process. 
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. Scater plots displaying the range of ratings of (a) familiarity, (b) amount of motion 
and (c) distinctiveness across the 58 faces (out of 10). 
 
Acc
epte
d M
anu
scri
pt
Motion Characteristics and Familiarity 
 
 
30 
 
 
Do
wnl
oad
ed 
by 
[T
ees
sid
e U
niv
ersi
ty]
, [
Nat
alie
 B
utc
her
] at
 07
:36
 01
 Fe
bru
ary
 20
16 
